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2.1. $X$ Q-Gorenstein $r$
$rK_{X}$ Cartier $r$ $X$
$IndX$
22. $f$ : $Yarrow X$ $X$ $r=IndX$
$f^{*}K_{X}= \frac{1}{r}f^{*}(rK_{X})$
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: $X_{1}=X$ “mild” $\mathbb{Q}$-Gorenstein
$K_{X_{1}}$ nef $(K_{X_{1}}\cdot C\geq 0, \forall C$ $)$
$K_{X_{1}}\cdot C<0$
$\Downarrow$
$C$ Mori contraction $\varphi$ : $X_{1}$. $arrow X_{1}’$
$\Downarrow$
$\dim X_{1}’<\dim X_{1}$
$\dim X_{1}’=\dim X_{1}$ $X_{1}$ $X$
$X_{2}=X_{1}’$
$\dim X_{I}=\dim X_{1}$ $X_{1}’$ $\mathbb{Q}$-Gorenstein
$\Downarrow$
$X_{1}$














2.3. $X$ $\mathbb{Q}$-Gorenstein $a$ $(0_{X}$ $c$
$f$ : $Yarrow X$ (X, a) $a 0_{Y}=0_{Y}(-\sum b_{i}E_{i})$
$K_{Y/X}-c \sum_{i}b_{i}E_{i}=\sum_{i}a_{i}E_{i}$
$a_{i}$ $(X, a^{c})$ $E_{i}$ discrepancy
$a(E_{i};X, a^{c})$ $:=a_{i}+1$
$(X, a^{c})$ $E_{i}$ log-discrepancy
$a(E_{i};X, a^{c})=ord_{E_{i}}K_{Y/X}-cord_{E_{i}}a+1$
$E_{i}$ $a(E_{i};X, a^{c})\geq 0$ $(X, a^{c})$
2.4. (log-canonical threshold)
lct (X, a) $:= \sup${ $c|(X,$ $a^{c})$ }
$1ct_{x}(X, a)$ $:= \sup$ { $c$ $(x\sim^{c})$ $x$ }.
[9]
2.5([7]). (X, a) $X$ $a\subset(9_{X}$
$Z$ $a$
lct $(X, a)= \min_{m\in N}\frac{co\dim(Z_{m-1},X_{m-1})}{m}$ .
$X_{m},$ $Z_{m}$ $X,$ $Z$ m-
26. $W\subset X$ $\dim X\geq 2$ log-discrepancy
$mld(W;X, a)=\inf${$a(E;X,$ $a)|E:W$ $X$ }.
2.7. (1) $W$ mld $(W;X, a)\geq 0\Leftarrow\Rightarrow(X, a)$
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2.8 ([4]). $X$ $\mathbb{Q}$-Gorenstein $r,$ $W\subset X$
mld$(W;X, \alpha)=\inf_{m,l}${codim (Cont $(a)\cap$ Cont$\iota_{(I_{r})}\cap$ Cont $\geq 1(I_{W}))-\frac{l}{r}-m$ }.
$I_{W}$ $W$ $I_{r}$ 3.3
codim $X$ $\infty$ - $X_{\infty}$
2.9. $\mathbb{Q}$-Gorenstein $X$ $\alpha\subset Ox$ $c\in \mathbb{R}\geq 0$
$(X, a^{c})$
a $(X, \alpha^{c}):=f_{*}$Oy $(\lceil K_{Y/X}-cF\rceil)$ .
$f:Yarrow X$ $(X, \alpha)$ $F$ $aO_{Y}=$ Oy $(-F)$
( )
(Siu)
2.10. $X$ $x\in X$ $0=\xi_{0}<\xi_{1}<$
$\xi_{2}\ldots$
a $(X, a^{c})_{x}=\partial(X, a^{\xi_{i}})_{x}$ , $\forall c\in[\xi_{i}, \xi_{i+1})$
a $(X, a^{\xi_{i+1}})_{x}\subsetneq\partial(X, a^{\xi_{i}})_{x}$ .
2.11. $0=\xi_{0}<\xi_{1}<\xi_{2}\ldots$ $(X, a)$ jumping numbers
$\xi_{1}=1ct_{x}(X, a)$
2.12 $(^{*})$ . $1ct_{x}(X, a)$
2.13 $(^{***})$ . jumping numbers
mld 28
2.14 ([4],[6], [10]). $X$ $\mathbb{Q}$-Gorenstein $A$
codim$(X, A)=c$ $a\subset 0_{A}$
$\alpha:=\tilde{\alpha}0x\neq 0$ $I_{X}$ $X$ $J_{r}:=(\overline{\partial ac_{X}^{r}}:I_{r})$
$(r=IndX)$
mld $(W;X, aJ_{r}^{1/r})=$ mld$(W;A,\tilde{\alpha}I_{X}^{c})$ .
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2.15 ([4],[6], [10]). $X$ $H$ $X$
$\tilde{\alpha}\subset(0_{X}$ $a:=\tilde{a}(0_{H}\neq 0$ $I_{H}$
$H$
mld$(W;H, a)=$ mld$(W;A,aI_{H})$ .
214
2.16 ([5]). $X$
$X\ni x\mapsto$ mld$(x;X, a)$












3.2. Mather discrepiancy $\hat{K}_{Y/X}$
$0_{Y}(-\hat{K}_{Y/X})=\sigma$ .
discrepancy “$K_{Y}$ $K_{X}$ ”
3.3. (1) $\hat{K}_{Y/X}$ ( )
$Y$ Nash blow-up
(2) $\hat{K}_{Y/X}$ Cartier
(3) $X$ $K_{Y/X}=\hat{K}_{Y/X}$ .
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(4) $X$ $\mathbb{Q}$-Gorenstein $r$ $I_{r}\subset 0x$
$0_{Y}(rK_{Y/X})=(f^{*}I_{r})0_{Y}(r\hat{K}_{Y/X})$ .
Mather discrepancy Mather Mather
Mather log-discrepancy Mather
discrepancy
3.4. $X$ $f$ : $Yarrow X$ Nash blow-up
(X, a) $\log$- Mather





$\sup$ $\{c|\hat{a}(E;X, a)=ord_{E}\hat{K}_{Y/X}-cord_{E}a+1\geq 0\}$ ,
$E:X$
$\overline{m1d}(W;X, a)=\inf${ $\hat{a}(E;X,$ $a)|E:W$ $X$ }.
lct, mld $K_{Y/X}$ $\hat{K}_{Y/X}$
35. $(X, a)$ $X$ $\alpha\subset 0_{X}$
Mather :
$\overline{1ct}(X, a)=\min_{m\in \mathbb{N}}\frac{co\dim(Cont^{\geq m}(a),X_{\infty})}{m}$ .
25
36. $(X, a)$ $X$ $\alpha\subset(0_{X}$
$W$ $X$ $I_{W}$ $W$
:
mld $(W;X, \alpha)=\inf_{m\in \mathbb{N}}$ {codim(Cont $(a)\cap$ Cont $\geq 1(I_{W}),$ $X_{\infty})-m$ }.
28
3.7. $X$ $x\in X$ $0=\hat{\xi}_{0}<$
$\hat{\xi}_{1}<\hat{\xi}_{2}\ldots$ :
$\hat{\partial}(X, a^{c})_{x}=\partial(X, a^{\hat{\xi}_{i}})_{x}$ , $\forall c\in[\hat{\xi}_{i},\hat{\xi}_{i+1})$
$\hat{\partial}(X, a^{\hat{\xi}_{i+1}})_{x}\subsetneq\partial(X, a^{\hat{\xi}_{i}})_{x}$ .




3.10 $(^{***})$ . Mather jumping numbers
3.11. $X$ $A$
codim$(X, A)=c$ $\tilde{a}\subset O_{A}$ $a:=\tilde{a}0x\neq 0$
$I_{X}$ $X$





$X\ni x\mapsto\hat{m1d}(x;X, a\partial ac_{X})$
3.13. $X$ $n$ $x\in X$
mld$(x;X, \partial ac_{X})\leq n$
(X, X)
Shokurov




mld $(x;X, \partial ac_{X})=$ mld$(x;X, O_{X})$
3.13 Shokurov
mld $(x;X, a\partial ac_{X})$.
mld$(x; X, \alpha)$ ?
3.15 $(^{***})$ . $\mathbb{Q}$-Gorenstein




3.16 $(^{***})$ . mld $(x;X, a\partial ac_{X})$ flip
3.17 $(^{***})$ . flip mld
3.18 $(^{**})$ . (X, x) $mult_{x}X$ , (




3. 19 ( : toric variety $**$ $***$ ).
(X, x) $mult_{x}X\leq 2^{d-1}$ . $(X, x)$ log-canonical
$mult_{x}X\leq 2^{d}$ .
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